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Our  studies  of  organic  sulfur  compounds  have  made  us  increasingly 
aware  of  the  inorganic  sulfur  reagents.  While  it  is  clear  that  many  compounds 
of  this  group  have  now  become  of  greatest  theoretical  and  practical  interest, 
yet  there  has  been  a  lack  of  correlative  and  review  papers  which  would  serve 
to  focus  attention  on  them*  Since  we  had  much  of  the  required  literature  at 
hand,  it  seemed  desirable  to  prepare  a  series  of  brief  articles,  each  of 
which  would  give  a  thorough  entry  to  the  literature  on  a  selected  group  of 
these  substances. 

•  The  present  paper  concerns  the  thionvl  halides.  SOX2*  The  known 
examples  of  this  group  of  compounds  are  shown  in  Table  I,  together  with  the. 
other  known  compounds  of  sulfur  and  halogen,  and  of  sulfur,  oxygen  and 
halogen.  Part  11  of  this  series  will  present  the  sulfuryl  halides,  SO^X^, 


Thionyl  chloride,  SOCl^,  melts  at  -104. 5**,  boils  at  78.8^,  has  a 
density  (at  14.5°)  of  1.656  g./ml.  and  a  refractive  index,  nj^,  of  1.517.^ 
Pure  thionyl  chloride  is  a  colorless,  fuming,  toxic,  irritating  liquid 
which  is  miscible  with  benzene,  carbon  tetrachloride,  chloroform  and  most 
inert  organic  solvents.  Studies  involving  force  constants,  ^  infrared,  ^ 


Raman,  ^  ^  and  ultraviolet^  spectra,  magnetic  rotatory  power,  ^  magnetic 
susceptibility^,  and  dielectric  constants  and  dipole  rooments^^'  ^  have  been 


carried  out. 


ionising  solvent. 
Xcal.  /mole.^^ 


Its  physical  properties  have  suggested  its  frequent  use  as  an 
16-20 


The  heat  of  formation  of  thionyl  chloride  is  -58.5 


The  first  preparations  of  thionyl  chloride  employed  the  reactions  of 


sodium  sulfite  with  phosphorus  pentachloride*'*'  and  of  calcium  sulfite  wiUa 
phosphorus  oxychloride.^^  Industril^l  methods,  described  in  the  pCiJDC 
UtAvaturs.  have  aoueht  less  axoenaive  Bvnthaaaa. 


literature,  have  sought  less  expensive  syntheses,  exam 
are  shown  in  the  following  equations: 


SEP  3  0 19&5 


*  This  review  was  prepared  in  conjunction  with  studies  supplnrmi 
Office  of  Scientific  Research,  United  States  Air  Force,  Contract 
AF  49-638-718  anrl  tha  Stauffav  Ckamit^al  r!n*vin>nv  *** 
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In  the  proceae  of  equation  1,  aulfur  dichloride  may  be  prepared  in  aitu 
from  aulfur  monochloride  and  chlorine  (ClSSCl  ■¥  CI2 - >  2  ClSCl).^ 

The  aulfur  trioxide  ia  uaually  introduced  by  uaing  fuming  aulfuric  acid. 
Exceaa  aulfur  trioxide  muat  be  avoided  becauae  of  the  eaay  formation  of  the 
ao*ealled  ')pyroaulfuryl  chloride "  (equation  6).  If  radioactive  SCI2  1>  uaed 

(6)  SOCI2  ZSOj - >  S^OgCl^  +  SOj 

ia  tha  method  of  equation  1#  the  tagged  aulfur  ia  found  mainly  ia  the  thionyl 
chloride. 

Conaidering  the  reaction  of  equation  2:  aulfur  dichloride  may  be 
aubatituted  for  aulfur  monochloride  and  part  of  the  chlorine,  and  aulfuryl 
chloride  may  be  uaed  aa  a  aource  of  SO2  and  012*  The  reaction  ia  beat 
carried  out  at  150-200*^.  With  recycling  of  the  aulfur  chloridea,  SO2  and 
SO2CI2  vdiich  are  formed,  nearly  100%  converaion  ia  reported.  At  high 
temperaturea^(500^),  the  decompoaition  of  thionyl  chloride  ia  nearly  complete. 
At  intermediate  temperaturea  (198^  and  238^),  the  ayatem,  SO2CI2  SCI2 
2  SOCl2t  repreaenta  a  reveraible  reaction.  The  oxidation  od  5CI2  with 
oxygen,  to  give  aulfuryl  chloride  ia  irreveraible  under  theae  conditiona.. 
Equation  7  repreaenta  an  overall  procedure  which  haa  been  uaed  to  prepare 
thionyl  chloride. 

(7)  2  SCI2  +  ©2  )  2  SOCI2 

Phoagene  may  alao  be  employed  in  reaction  3. 

Xa  reaction  5,  the  yield  of  thionyl  chloride  ia  72%.  Subatitution  of 
ehleroform  or  pentachleroethaae  for  carbon  tetrachloride  lowcre  the  yield 
to  40%  and  6%,  reapectively. 


*  Thia  chlorinolyaia  of  the  aulfur*auPor  bond  ia  a  very  general  reaction, 
and  haa  found  many  appUcationa  in  organic  chemiatry.  The  producta 
obtained  are  aulfenyl  chloridea:  2  RSSR  4  Cl2~~^2  RSCl.  Cf.  e.g.. 
Organic  Sulfur  Compounda,  Vol.  1,  edited  by  N.  Kharaach,  Pergamon 
Preae  (I960):  Cha.  31  and  _ _ _ — — 
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.  -3- 

Th«  reaction  of  boron  trichloride  with  the  aulfur  dioxide,  in  which  the 
latter  acta  ae  aolrent,  ia  extremely  alow  unleaa  chloride  ion  ia  preaent.^^ 
It  haa  been  auggeated  that  the  catalytic  effect  of  chloride  ion  may  involve 
the  ion,  SO.Cl*, 

*  Cl* 

(8)  2  BCI3  3  SO^  — 3  SOClj  + 

Technical  grade  thionyl  chloride  containa  about  7%  impuritiea,  mainly 
anlfur  raonochloride,  aulfuryl  chloride  and  aulfur  dioxide* Sulfur 
monochloride  may  be  removed  after  reaction  with  aulfur,  and  the  aulfuryl 
chloride  may  be  taken  out  by  meana  of  ita  aelective  reaction  with  other 
aubatancea*^^  Reagent  grade  thionyl  chloride  la  alao  available. 


Above  ita  boiling  point,  thionyl  chloride  decompoaea  to  aulfur  chloride, 

at&lfuryl  chloride,  aulfur  dioxide,  and  chlorine*  The  photochemiatry  of 
« 

thionyl  chloride  doea  not  ceem  to  have  been  inveatigated  in  detail*  but  aeema 

worthy  of  atudy,  eapecially  in  compariaon  with  aulfuryl  chloride. 

Rapid  aulfur  exchange  between  S*OCl2”SOBr2  and  SOCl2”S*OBr2  in  5O2 

aolntion  at  -50^  or  in  mixturea  of  pure  compounda  at  -20°  haa  been 

observed, Similerly,  chlorine  exchangee  rapidly  between  Cl°-labelled 

o  36 

pyridinium  chloride  and  SOCI2  in  chloroform  at  20  *  Theae  reaulta  may 
be  accounted  for  by  the  ionisation  of  the  thionyl  halidea  or  the  formation  of 

addition  complexea  and  are  in  marked  contraat  to  reaulta  wherein  the  lack 

*  35 

of  exchange  between  S  OCI2  and  SO2CI2  haa  been  noted* 

Thionyl  chloride  reacta  with  metals,  such  as  antimony,  sodium, 
ahuninium,  magnesium,  and  iron.  The  reactions  are  generally  slow  in 
the  absence  of  acids^^  (except  in  the  case  of  antimony)  and  this  explains  the 
oae  of  iron  containers  for  storage  of  the  thionyl  chloride.  Glass,  lead,  and 
nickel  containers  are  also  used  for  storage*  1 

With  phosphorus,  selenium  and  tellurium,  reaction  with  thionyl 
chloride  yields  the  respective  chlorides* 

Hydrated  chlorides,  such  as  MgCl2*6  H2O,  are  conveniently  dehydrated 
with  SOCI2,  aince  the  products,  HCl  and  SO2,  are  gases* Mustard  gas 
may  alao  be  dried  in  this  way*^ 

In  some  of  its  inorganic  reactions,  thionyl  chloride  acts  as  an 
oxidising  agent,  e.g.t 


4  HI  4  2  SOCI2— 

2  H2S  >  2SOCI2 


2  X2  -f*  4  HCl  •!>  SO2  *3 


AICI1 


4  HCl  f  SO2  3  S 


(10) 


-  4  • 

la  other  reactioae»  however,  it  fimctione  as  the  reducing  agent: 

(11)  '2  HNO3  ♦  SOCI3 - ►  HjSO^  ♦  NOjCl  ♦  NOCl 

(12)  +  SOCI2 - >2  NOCl  ♦  SO3  Q 

It 

The  reaction  with  eilver  nitrate  yields  silver  chloride  and  C1!>0N02, 
while  with  ammonia,  polymeric  thionylimine,  (HNSO)  .  is  reported  as  the 
product.  The  preparation  o£  chromyl  chloride  using  CrO^  or  K2Cr20^ 
has  been  mentioned. 

The  best  known  reactions  of  thionyl  chloride  in  organic  chemistry 

involve  the  replacement  of  hydroxyl  groups,  in  alcohols  and  carboxylic 

acids,  by  chlorine.  The  conversion  of  alcohols  to  alkyl  halides  often  occurs 

with  retention  of  configuration.  This  is  not,  however,  always  the  case. 

The  steps  involved  in  the  reaction  converts  the  alcohol  to  chlorosulfinates 

and,  in  some  instances,  to  sulfites.  Under  certain  conditions  these 
« 

intermediates  can  be  isolated. 

O* 

(13)  ROH - >RO-^-Cl  - »  RCl 

The  elimination  of  sulfur  dioxide  from  the  chlorosulfinates  may  occur  through 
different  transition  states. 

The  detailed  mechanism  and  stereochemistry  has  been  studied  in  a 

number  of  investigations  with  alcohols,  with  small  ring  alcoholsf^ 

with  chlorocyclohexanols,  with  allylic  alcohols,  with  acylamino  alcoholsf^ 

and  with  sterols.  The  widely  used  reaction  for  conversion  of  acids  to 

acid  chlorides  has  been  shown  to  occur  through  the  carboxylic  anhydride 

55 

when  pyridine  is  employed.  Sulfonic  acids  and  carboxylic  acids,  which 

do  not  normally  react  with  thionyl  chloride,  do  so  in  the  presence  of 

dim ethy If orm amide. The  ionised  salt  (CH3)2NCHC1^C1  ,  is 

formed.  Another  interesting  application  involves  the  estimation  of  the 

*  57 

number  of  carboxyl  groups  in  gelatin  with  SOCI2  and  CH3OH.  2'Naphthoic 

acid,  heated  with  thionyl  chloride  at  180*200^,  yields  1,  b'dichloronaphthalene. 

Mercapto  groups  are  replaced  by  chlorine  and  some  ketones  are  converted  to 

vinyl  chlorides  by  SOCl2*^^  Ethylene  oxides  yield  2*chloro  sulfites^  while 

aliphatic  ^  *lactones  give  3~chloroalkanoyl  chlorides. 

(12)  2  H2C  -  CH2  +  3OCI2-: - »  (CH2CICH20)230 

CH2  -  CH2  -  CO  +  SOClj  - >  CH2  -  CH^COCl  +  SO2 


(13) 


-5 


Thioajrl  chloride  cleaves  cyclic  ethers  and  related  compounds  to 


62 


afford  dichloro  derivatives.  Examples  are  the  reaction  with  tetrahydrofuran 
and  4*‘phenyl*l,  3-dioxane.  Another  interesting  ether  cleavage  involves  the 

(14)  r:i  4  SOCl, 


0 

<^6»5 


CHCICH^CH^CI 


Cffi, 


conversion  of  Y'methoxy valeric  acid  to  methyl  ^T'chloro valerate  with 

inversion  at  the  Y*carbon  atom.^^ 

The  prodticts  of  the  reaction  of  SOCI2  with  phenols  are  dependent  on 
the  conditions.  In  some  instatices  sulfites  can  be  obtained  and  under  other 
conditions  ring  substitution  occurs.  The  reactions  of  this  type  have  been 
reviewed.^®  In  general,  the  Friedel'Crafts  reaction  with  SOCl,  is  not  very 
successful,  but  9*fluorenyl  and  2*acetamidophenyl°'  sulfoxide  may  be 
prepared  in  this  way.  In  the  presence  of  copper,  SOCL.  and  substi  cuted 
phenols  (4*hydroxycoiimarin,  d'propionylresorcinol.  ’  2*hydroxy“5“ 
methylacetophenone,  and  the  naphthols*^^  yield  symmetrical  sulfides  by 
ring  substitution  and  attendant  reduction. 

Thionyl  chloride  is  an  effective  agent  for  intramolecular  removal  of 
the  elements  of  water.  Examples  are  the  dehydration  of  1. 1.  l-trichloro*2* 
methyl'Z "propanol,  which  occurs  via  the  chlorosulfinate  and  which  is 
catalyzed  by  amines, and  ethyl  2  "car  bom  ethoxy  1-hydroxy  “2 -methyl 
cyclohexylacetate.*^^  The  units  of  alcohol  are  similarly  removed  from  a 
substituted  phthalamic  acid^^  and  water  is  removed  intermolecularly  from 
oxanilic  acid.^®  Urea  is  converted  to  cyanuric  acid  and  other  products^.^’ 


(15) 

(16) 


CONHC^Hg 


The  intermolecular  condensation  of  glucose  is  also  effected  through  the  use 
of  thionyl  chloride. 

Chlorination  of  compounds  with  thionyl  chloride  is  illustrated  by  the 
reaction  with  dimethyl  sulfide. For  these  purposes,  thionyl  chloride  is 
a  Jess  vigorous  agent  than  sulfuryl  chloride  and  promotes  formation  of  mono 
and  dichloro  derivatives,  rather  than  higher  chlorinated  products.  The 


•  6  • 

addition  of  chlorine  to  beneene  ie  activated  by  the  preeence  of  thionyl  chloride 
and  the  amount  of  the  gamma  iaomer  of  hexachlorocyclohexane  may  be 
affected  by  ite  preeence  In  the  epeclal  caee  of  1,  l'diarylethylene% 

Bolftnie  acid  ia  obtained  after  hydrolyeie  of  the  product*  Chloropheno 


(17)  Ar^C  ■  CHj  ♦  SOCl^ - ►  Ar^C  ■  CHSO^H 

at 

thiasinea  are  chlorinated  by  thionyl  chloride*  Altematlvelyt  the 

phenothiazine  ring  may  be  cloeed  with  the  chlorination  by  the  action  of  thionyl 
»  * 
chloride  on  diphenylamine* 

The  oxidative  character  of  thionyl  chloride  ie  annetimee  exhibited  ia 

9  9* 

organic  reactiona*  The  cleavage  of  aubatituted  ^  *  -bixanthenea  to 
xanthonea^^  and  the  dehydrogenation  of  a  highly  hindered  acrylic  acid* 

ei8*o*  C4«  5-(l**  2*-aaphtho)*3**pyrazolyQ cinnamic  acid*  to  the  correaponding 


87 

propioUc  acid  ate  example  a. 

Thionyl  chloride  ia  not  uaually  the  beat  reageut  for  effecting  the 

88 

Beckmann  rearrangement  becauae  it  initiatea  cleavage  reactiona*  The 

converaion  of  cyclohexanone  oxime  to  epailon-’caprolactam  with  diionyl 

89 

chloride  occura  with  fair  reaulta*  however. 

Primary  aromatic  aminea  are  converted  to  thiony  limine  a*  ArN  ■  SO* 

90 

with  SOC12*  8'Thiapurinea  are  obtained  by  the  reaction  of  thionyl  chloride 

with  5,  6*diaminouracila.^^  Other  thiadiazolea  are  obtained  through  the  use 

92  93 

of  orthodiaminea.  The  cleavage  of  aulfinyl  eatera  by  SOCI2  and  ita 

addition  to  ketene  to  give  after  methanolyaia  (MeOOCCH,),SO  are  further 

^  ^  •  95 

intereating  applicationa.  Ita  reaction  with  phenylaraine  to  give  C^H^AaS 
contraata  with  the  reaction  of  phenylphoaphine  with  SOC12*  which  j^elda 
{C^HgPSO)^.^^  C^H5Aa(MgBr)2  and  SOCl^  givea  C^H^AaSO. 

A  poaaible  application  of  thiouyl  chloride*  which  haa  not  been  exploited 
fully  aa  yet*  ia  ita  chain  terminating  propertiea*  It  haa  been  ahown  that 

SOCl,  acta  in  thia  way  in  the  aulf oxidation  of  cyclohexane  (reactioa  with  SO, 

*  97  * 

andO,*  under  irradi^on)*' 

•  2S  8S 

Reviewa  on  the  early  chemiatry  of  SOCl,*  the  reaction  with  phenol* 

98  ^99  100 

with  jn'aminobenzole  acid*  ^  eynthetic  ^plicatione*  and  technology  have 

^ipeared* 
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TWONYL  FLUORIDE 

Thionyl  fluoride,  SOF2»  melte  at  *■129.5^  and  boila  at  *43.8^ 

Raman,  infrared,  and  microwave^®  epectra,  dipole  moment^®^  and 

force  conetant  etuiies  have  been  carried  out.  Thionyl  fluoride  is  obtained 

by  the  reaction  of  thionyl  chloride  with  AsF,,  SbF.,  HF,  or 

IGO  110  ^  111 

KSO.F,  ^  '  by  reaction  of  S.N .  with  aqueous  KF  and  CuO,  ^  and  by 

•  112  ’  ^ 

reaction  of  SO,'with  VF,.  A  77%  yield  was  obtained  recently  by  reaction 

“  ®  113 

of  sodium  fluc«'ide  with  thionyl  chloride  in  acetonitrile. 

Thionyl  fluoride  hydrolyses  slowly,  but  completely  at  room  temperature, 

4 

forming  sulfurous  and  hydrofluoric  acid.  The Vm  ally,  however,  it  is  quite 
stable. With  Si02  at  400^,  thionyl  fluoride  gives  SiF^  and  S02. 

Mixtures  of  SOF2  and  02*  submitted  to  an  electric  discharge,  give  peroxy 
compounds. 

THIONYL  CHLOROFLUORIDE 


Thionyl  chlorofhioride,  SOCIF,  boils  at  12.2  ,  melts  at  ‘‘139.5  ,  and 
has  a  liquid  density  of  1.580  g. /ml.^^  It  is  prepared  by  the  action  of  SbF^ 
and  SbClg  or  IFg.^  on  SOCI1.  The  chlorofluoride  reacts  with 


‘2* 

mercury  and  copper,  at  room  temperature,  and  with  iron  at  70*^ 
overall  reaction  is  represented  by  equation  19*  (M  «  metal). 


The 


(19) 


4  SOCIF  4  3  M 


2  SOF,  +  SO,  + 


MCI2 


2  MS  ) 


Disproportionation  may  occur  first;  if  so,  the  products  are  those  of  the 
reaction  of  SOCI2  with  the  metal. 

s 

THIONYL  BROMIDE 

Thionyl  bromide,  SOBr2,  melts  at  *52^,  boils  at  138°  (decompn.), 
at  atmospheric  pressure  or  at  42.5°  at  16  mm.  pressure,  has  a  density  at 
15°  of  2.698  and  is  an  orange-yellow  liquid, Raman  spectrum. 

^  *^116, 118, 119 

Thionyl  bromide  is  prepared  by  the  reaction  of  HBr  or  KBr  with  SOCL. 

116  ^ 

Reports  of  the  existence  of  SOCIBr  are  probably  incorrect.  Thionyl 
bromide  decomposes  slowly  at  room  temperature  (4  SOBr2— >S2Br2  4- 
2  SO2  4  3  Br2)  and  is  rapidly  hydrolyzed  by  water.  Thionyl  bromide 
converts  carboxylic  acids  to  acid  bromides  and  substituted  alcohols  to  the 


corresponding  bromides. 


119, 120 


A  general  method  involving  conversion  of 


alcohols  to  sulfites  with  SOCI2  and  cleavage  of  the  (RO)2SO  vrith  thionyl 

bromide  is  recommended  for  the  preparation  of  alkyl  bromides. Thionyl 

▲  * 

bromide  reacts  with  pyridinium  halides  to  give  C.H.NH  XBr,  along  with 


8  and  SO 


2* 


122, 123 


Sulfur  exchange  between  sulfur  dioxide  and  thionyl 


bromide  is  slow^^  unless  ionic  halides  or  catalysts  are  present. 


99 

A  rtvltw  ot  fh«  ■yath«tic  ua«B  of  aulfuryl  bromide  has  been  made. 

THIONYL  IODIDE 

Thionyl  iodide,  SOI,,  ie  unstable.  Its  formation  by  reaction  of 

“  127  128 

thionyl  chloride  in  carbon  tetra^-hloride  solution  with  potassium  iodide,  ' 

has  been  reported  and  its  decomposidon  was  followed  by  spectroscopic  means. 

It  is  decomposed  by  light.  Dilute  solutions  in  the  dark  are  claimed  to  be 

stable  for  eight  hours.  It  has  been  considered  to  be  an  intermediate  in  the 

129 

following  reacdons: 

(20)  (€2^30)280  +  6  HI - >  H2S  +  2C2HjOH  ♦  H2O  +  3  I2 

(2D  SOCI2  6  HI - »  H2S  *  ^  2  HCl  3  I2 

The  results  probably  bear  reinvesdgad'on,  since  quaternary  ammonium 
iodides,  udien  treated  with  thionyl  chloride,  yield  salts  as  follows: 

(22)  21*  ♦  2SOCI2 - >3ICl2*  ♦  SO2  +  S  - 

Iodine  ie  liberated  when  potassium  iodide  is  added  to  these  salts. 


BOmivrr 
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